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INTRODUCTION 

S t u d i e s  o f  t h e  microscopic  n a t u r e  of r a d i a t i o n  induced d e f e c t s  i n  

germanium and s i l i c o n  have cont inued d u r i n g  t h e  p e r i o d  from 1 January  t o  

30 June ,  1965. 

t o  d e t e r m i n e  t h e  energy  level  a s s o c i a t e d  w i t h  t h e  d e f e c t  and t h e  i n f l u e n c e  

of  dopant  and i m p u r i t i e s  upon t h e  e f f i c i e n c y  o f  format ion  of t h e  d e f e c t .  

S i n c e  most o f  t h e s e  s t u d i e s  are c o n t i n u i n g  only  a n  o u t l i n e  o f  t h e  c u r r e n t  

s t a t u s  and r e c e n t  p r o g r e s s  w i l l  b e  g iven  h e r e .  

O p t i c a l  and e l e c t r i c a l  s t u d i e s  have been p r i m a r i l y  used 
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Impur i ty  Band Conduction. A copy of a paper  e n t i t l e d  "Compensation 

Dependence o f  Impur i ty  Conduction i n  Antimony Doped Germanium'' By E .A. Davis 

p u b l i c a t i o n .  

w i t h  Impuity Conduction i n  Germanium'' i s  b e i n g  prepared  f o r  submiss ion .  

It is  f e l t  t h a t  t h e s e  papers  provide  a b a s i c  u n d e r s t a n d i n g  of t h e  i n f l u e n c e  

o f  i r r a d i a t i o n  induced d e f e c t s  upon t h e  i m p u r i t y  conduct ion  p r o c e s s .  

A second paper  e n t i t l e d  "Negative P h o t o c o n d u c t i v i t y  A s s o c i a t e d  

P r e s e n t  work i n v o l v e s  a s t u d y  of  t h e  thermal  s t a b i l i t y  o f  r a d i a t i o n  

induced d e f e c t s  i n  t h e  h i g h l y  doped materials. Samples o f  material  having 

room t e m p e r a t u r e  res i s t iv i t ies  of  0.016 and 0.0085 ohm-cm were i r r a d i a t e d  

w i t h  v a r i o u s  f l u x e s  o f  f a s t  n e u t r o n s .  H a l l  c o e f f i c i e n t  d a t a  i n d i c a t e  t h a t  

t h e  samples had donor c o n c e n t r a t i o n s  of 1.3 x 10 and 1 .9  x 10 / c m  

f o l l o w i n g  i r r a d i a t i o n s .  Values  o f  t h e  r e s i s t i v i t y  a t  273'K, 77"K, and 
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4.2OK and t h e  H a l l  c o e f f i c i e n t  a t  273°K and 77°K are b e i n g  measured a f t e r  

e a c h  anneal s t e p .  

a t  a s p e c i f i e d  tempera ture  f o r  45 minutes ,  measuring t h e  above l i s t e d  

q u a n t i t i e s  and t h e n  a n n e a l i n g  f o r  45 minutes  a t  a tempera ture  10°K above 

t h e  p r e v i o u s  a n n e a l .  

t e m p e r a t u r e  d a t a  i n d i c a t e s  t h a t  a s i g n i f i c a n t  change h a s  occurred  i n  any 

o f  t h e  r e s i s t i v i t y  o r  H a l l  c o e f f i c i e n t  v a l u e s ,  a complete  measurement of 

t h e  tempera ture  dependence of  t h e  r e s i s t i v i t y  between 77°K and 2°K i s  

made. These s t u d i e s  w i l l  be u s e f u l  i n  d e t e r m i n i n g  whether  t h e  thermal  

s t a b i l i t y  o f  d e f e c t s  i n  t h e  h i g h l y  doped material  i s  c o n s i s t e n t  w i t h  t h a t  

which h a s  been found f o r  more p u r e  mater ia l s .”  It i s  expec ted  t h a t  t h i s  

work w i l l  b e  completed w i t h i n  t h e  next  t h r e e  months. 

The a n n e a l i n g  procedure c o n s i s t s  o f  h o l d i n g  t h e  sample 

The a n n e a l s  were begun a t  373°K. When t h e  f i x e d  

Recombination Luminescence. Previous  p r o g r e s s  r e p o r t s  have 

argued t h a t  luminescence should  result  from e l e c t r o n - h o l e  recombina t ion  

- v ia  deep levels t h a t  are i n t r o d u c e d  by i r r a d i a t i o n .  The deep levels would 

be t h e  recombina t ion  c e n t e r s .  T h i s  luminescence h a s  now been  observed i n  

s i l i c o n  i r r a d i a t e d  w i t h  Co gamma rays .  The r e s u l t s  are shown i n  t h e  

a t t a c h e d  f i g u r e .  The sample w a s  a s i n g l e  c r y s t a l  o f  n - t y p e  s i l i c o n  having  

a room tempera ture  r e s i s t i v i t y  o f  about 100 ohm-cm. The luminescence was 

e x c i t e d  o p t i c a l l y  u s i n g  a 500 w a t t  mercury d i s c h a r g e  lamp. The sample was 

h e l d  a t  77°K . The d o t t e d  curve ,  on t h e  l e f t ,  i s  t h e  band-to-band recombi- 

n a t i o n  luminescence t h a t  h a s  been r e p o r t e d  p r e v i o u s l y .  

luminescence peak is  de termined  by the  r e s o l u t i o n  of  t h e  monochromator. 

Fol lowing i r r a d i a t i o n  w i t h  5.4 x 10 r o e n t g e n s  of Co , t h e  band-to-band 
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luminescence h a s  d i s a p p e a r e d  and has been r e p l a c e d  by a broad luminescence 

a t  l o n g e r  wavelength.  The luminescence is n o t  observed a t  room tempera ture .  

T h i s  r e s u l t  is c o n s i s t e n t  w i t h  a similar o b s e r v a t i o n  r e p o r t e d  by Ivanov and 

Meas - Ychnevych u s i n g  p-n j u n c t i o n s  t h a t  had been i r r a d i a t e d  w i t h  Co 

urements  w i t h  t h e  sample a t  4 . 2 O K  i n d i c a t e s  t h a t  t h e  luminescence spec t rum 

is  a composi te  o f  many s h a r p e r  emiss ion  s p e c t r a  which are d i s p l a c e d  i n  

energy .  

u s  t o  s t u d y  t h e s e  r e s o l v e d  s p e c t r a .  S t u d i e s  are c u r r e n t l y  underway on 

b o t h  n and p samples c o n t a i n i n g  v a r i o u s  c o n c e t r a t i o n s  of  oxygen i m p u r i t y .  

It w i l l  be impor tan t  t o  de te rmine  whether  t h e  two e m i s s i o n  peaks a t  about  

1.33 and 1.65 microns are a s s o c i a t e d  w i t h  t h e  same d e f e c t s  o r  w i t h  two 

d i f f e r e n t  d e f e c t s .  

60 2 1  .- 

A h i g h  r e s o l u t i o n  g r a t i n g  monochromator h a s  been ordered  t o  e n a b l e  

T h i s  new t e c h n i q u e  w i l l  be  used t o  s t u d y  r a d i a t i o n  induced d e f e c t s  

i n  a v a r i e t y  o f  materials t h a t  have been s u b j e c t e d  t o  v a r i o u s  t y p e s  of  

i r r a d i a t i o n .  The t e c h n i q u e  may a l s o  be v e r y  u s e f u l  i n  s t u d y i n g  t h e  n a t u r e  

o f  deep  t r a p s  i n  germanium and s i l i c o n  t h a t  are  in t roduced  by i m p u r i t i e s .  

A p r e l i m i n a r y  i n v e s t i g a t i o n  of t h e  luminescence from c o b a l t  a c t i v a t e d  

s i l i c o n  h a s  been  made. 

M i n o r i t y  C a r r i e r  L i f e t i m e s .  The s y s t e m a t i c  s t u d y  of  t h e  i n f l u e n c e  

o f  r a d i a t i o n  upon t h e  m i n o r i t y  c a r r i e r  l i f e t i m e  o f  s i l i c o n  i s  c o n t i n u i n g .  

A s t u d y  of  t h e  dependence of t h e  m i n o r i t y  car r ie r  l i f e t i m e  upon t h e  l eve l  

o f  i n j e c t i o n  of  carr iers  h a s  been made on samples b e f o r e  i r r a d i a t i o n .  S i n c e  

t h e  p u l s e d  l i g h t  s o u r c e  h a s  l i m i t e d  i n t e n s i t y ,  an  a u x i l i a r y  s t e a d y  s t a t e  

l i g h t  s o u r c e  w a s  used i n  t h e s e  s t u d i e s .  The r e s u l t s  may b e  summarized as 
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f o l l o w s .  The n- type  samples and t h e  p- type f l o a t  zone samples had o n l y  a 

s m a l l  dependence o f  l i f e t i m e  upon i n j e c t i o n  level .  I n  c o n t r a s t ,  some p- type 

C z o c h r a l s k i  grown samples had such a s t r o n g  dependence t h a t  i t  was d i f f i c u l t  

t o  d e t e r m i n e  a r e l i a b l e  v a l u e  of the  m i n o r i t y  c a r r i e r  l i f e t i m e .  Measurements 

are c o n t i n u i n g  on samples l i s t e d  i n  t h e  p r e v i o u s  semi-annual  r e p o r t .  Addi- 

t i o n a l  samples from some t e n  d i f f e r e n t  c r y s t a l s  have been measured p r i o r  

t o  i r r a d i a t i o n  and s t u d i e s  of t h e  e f f e c t s  of Co gamma r a y s  are underway. 60 
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FIGURE CAPTION 

I n t e n s i t y  of  luminescence ( i n  a r b i t r a r y  u n i t s )  wavelength f o r  

n- type  s i l i c o n  of  about  100 ohm-cm r e s i s t i v i t y .  Measured a t  77'K. Dashed 

c u r v e ,  band-to-band recombina t ion  luminescence. S o l i d  c u r v e ,  luminescence 

f o l l o w i n g  a room tempera ture  i r r a d i a t i o n  of  5.38 x 10 r o e n t g e n  of Co 

gamma r a y s .  
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